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1. Introduction
   Physiologically, normal metabolic processes of the body 
produce significant amounts of reactive oxygen species 
(ROS). The damaging effects brought by these ROS are 
being counteracted by the cellular antioxidant defense 
system of the body which consist of enzymatic and non-
enzymatic components[1]. However, at certain conditions, 
oxidative stress is triggered due to the imbalance between 
the production of ROS and the antioxidant systems of 
the body[2,3]. Oxidative stress are usually related to high 
risk health conditions such as cardiovascular disease, 
neurodegenerative diseases, diabetes, cancer and 
inflammation[4-6].
   Henceforth, potential antioxidative agents are being 
utilized and tested in order to alleviate the occurrence of 
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Objective: To assess the antioxidant activity of Ficus pseudopalma Blanco (Moraceae) (F. 
pseudopalma) and characterize the active components present in it.  
Methods: Column chromatography of crude ethanol leaf extract of F. pseudopalma was 
performed and seven fractions were obtained, labeled as F1, F2, F3, F4, F5, F6, F7. DPPH, FRAP, 
Griess, Fenton and superoxide radical scavenging assays were performed to assess the antioxidant 
ability of the fractions. Thin layer chromatography (TLC), high performance liquid chromatography 
and Fourier transfer infrared spectroscopy (FTIR) were performed to identify and characterize the 
bioactive component present in each fractions of F. pseudopalma.
Results: DPPH and FRAP assay showed that F5, F6 and F7 exhibited the good proton accepting 
ability and reducing power as compared to the other fractions. All fractions exhibited a good nitric 
oxide radical scavenging activity wherein F1, F2 and F3 showed the highest inhibition.  However, 
all of the fractions exhibited a stimulatory activity on hydroxyl and superoxide radicals.    Lupeol 
matched one of the spots on the thin layer chromatography chromatogram of the fractions. Linear 
gradient high performance liquid chromatography and spiking of lupeol with the fraction revealed 
the presence of 5.84 mg/L lupeol in F6.  Infrared spectra of the fractions revealed the presence of 
C-C, OH, aromatic C=C and C=O groups.  
Conclusions: The identified lupeol in F. pseudopalma may be responsible for the exhibited 
antioxidant property of the plant.  Furthermore, knowing the antioxidant capability of the plant, F. 
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stress related diseases.
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such health conditions. In this regard, phytochemicals from 
various natural products had become the subject of most 
drug development researches.
   Plants are the most commonly known sources of natural 
antioxidants which includes ascorbate, tocopherols, 
polyphenolic compounds and terpenoids[7,8]. The numerous 
health benefits that people obtained from natural products 
is not only related to their antioxidative components but also 
to some of their phytochemical contents which work hand 
in hand in order to elicit functions that may specifically be 
beneficial in the treatment of certain diseases[8].
   Ficus pseudopalma Blanco (F. pseudopalma), an endemic 
medicinal plant in Philippines, was reported to have 
an antioxidant activity[9,10]. As presented in a study, F. 
pseudopalma contains terpenoids and sterols, which 
includes, α-amyrin acetate, β-amyrin acetate, ursenone and 
lupeol acetate[11], and they were reported to have antioxidant 
properties[12]. Terpenoids are among the commonly useful 
phytochemicals isolated from plants. They have various 
biological functions that help in maintaining good health. A 
study conducted by Goto et al. (2010) relating to peroxisome 
proliferator-activated receptors revealed that terpenoids can 
regulate the activity of peroxisome proliferator-activated 
receptors so as to maintain the energy homeostasis in the 
body and manage obesity induced metabolic disorders 
including type 2 diabetes, hyperlipidemia, insulin resistance 
and cardiovascular disease[13].
   Lupeol is one of the identified compounds in F. 
pseudopalma which has several biological activities[11]. 
These activities were described in some review articles 
wherein according to them lupeol has anti-inflammatory, 
antimicrobial, antiprotozoal and anti-tumor activities[14,15]. 
In this regard, lupeol can also be used as a nutraceutical 
and chemopreventive agent[15]. 
   According to Stuart, F. pseudopalma is used as herbal 
medicine for the treatment of kidney stones and diabetes[16]. 
The plant also exhibits no toxicity to tested female Sprague 
Dawley rats at dose of 2 000 mg/kg body weight[17], which is 
why the young shoots and leaves can be eaten as salad and 
mixed with other vegetables. The anti-urolithiatic property 
of the plant was verified with the study conducted by Acosta 
et al. (2013) which reported that the crude dichloromethane 
extract of F. pseudopalma significantly decreased the 
creatinine and urine oxalates levels of ethylene-glycol 
induced male Sprague Dawley rats[17], which supports the 
ethnobonatical use of F. pseudopalma as an agent that cure 
kidney stones.
   Considering the health benefits one can derive 
from F. pseudopalma, its biological, biochemical and 
pharmacological studies were scarce. Moreover, chemical 
profiling of the antioxidative components present in the 
plant is not yet been fully elucidated. Hence, the plant 
remains underutilized and insignificant. Therefore this 
study was undertaken to back up its ethnobotanical uses 
while intensively evaluating the antioxidative components 
of F. pseudopalma as well as assessing its potential role as a 
powerful antioxidant and a scavenger of free radicals.
2. Materials and methods
   Fresh leaves of F. pseudopalma Blanco were collected from 
Brgy. San Jose, Pili, Camarines Sur, Philippines. All reagents 
and solvents used were either analytical or high performance 
liquid chromatography (HPLC) grade and were obtained from 
Sigma-Aldrich Co., Singapore.
2.1. Plant preparation and extraction
   Plant preparation and extraction was done accordingly as 
what were described[9]. In brief, air-dried leaves were ground 
to fine powder using Wiley mill and sieved in 20 mm mesh 
size. The powder sample was kept in a clean, dried, well-
sealed amber glass container to protect it from sunlight and 
contamination. 
   About 1 kg powdered leaves were soaked with 2.5 L 95% 
ethanol in a percolator for 4 d while changing the extracting 
solvent every after 24 h. The collected ethanol extract was 
then concentrated using the rotary evaporator (Eyela, USA) 
at 40 °C until syrupy consistency was obtained. The syrupy 
extract was further evaporated until it became dry. The air-
dried crude extract was weighed, obtaining 4.572% yield and 
then kept in amber-colored container under 0 °C until use.
2.2. Column chromatography
   Different factions from the crude ethanolic leaf 
extract was obtained through sequential elution column 
chromatography. Silica gel G-50, 100-200 mesh (Hi-media, 
India) was used as the stationary phase. Five grams of silica 
gel was added with 10 mL of hexane. The mixture was then 
transferred to a column and was allowed to stabilize for 20 
min. The crude ethanolic leaf extract of F. pseudoplama 
(1.5 g) was dissolved in 2 mL 95% ethyl alcohol to form a 
slurry. After the stabilization of the column, the crude 
ethanol leaf extract slurry was loaded to the column and 
was continuously eluted with the mobile phase (hexane, 
ethyl acetate, acetone and methanol). Approximately 10 
mL of eluents were collected in pre-weighed vials. A 
total of seven fractions were collected and were labeled 
accordingly: hexane (F1), hexane : ethyl acetate (F2), 
ethyl acetate (F3), ethyl acetate : acetone (F4), acetone 
(F5), acetone : methanol (F6) and methanol (F7) fractions. 
These fractions were concentrated by removing the solvent 
through rotary evaporator (Eyela, USA). The fractionated 
extracts that were obtained were kept in a refrigerator at 
-20 °C until use.
2.3. Micro-scale antioxidant tests
   Procedures for the antioxidant tests were performed 
according to the discussed procedures[9].
2.3.1. DPPH radical scavenging
   The hydrogen donating ability of each fractions was 
evaluated using the stable DPPH radical. Each fractions 
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were prepared in ethanol at different concentrations. Ten 
microliter of each fractions at various concentrations were 
loaded in a 96-well microplate (triplicate). Then 140 µL of 
6.58伊10-5 mol/L DPPH solution was added to each well. The 
microplate was incubated for 30 min at 25 °C in the dark. 
The absorbance of the fractions were measured at 517 nm. 
The free radical scavenging activity was expressed as the 
percentage inhibition of free radical by each fraction.
2.3.2. FRAP assay
   The reducing power can be measured through the 
intensity of the Prussian blue color that results from the 
direct reduction of potassium ferricyanide [K3Fe3(CN)6] to 
potassium ferrocyanide [K3Fe2(CN)6][18].
   Different concentrations of each fraction (40 µL) were 
mixed with 1.0 mol/L hydrochloric acid (100 µL), 1% sodium 
dodecylsulphate (20 µL) and 1% potassium ferricyanide (30 
µL) in an Eppendorf tube. The mixtures were incubated at 50 
°C for 20 min. Then, 30 µL of 0.1% ferric chloride was added 
to each tubes. Aliquots of the mixtures were transferred to a 
96-well microplate and absorbance was read at 750 nm.
2.3.3. Nitric oxide radical scavenging
   The ability of the fractions to scavenge nitric oxide radical 
was assessed through the Griess reaction[19]. One hundred 
microliters of each fractions of the ethanolic leaf extract of 
F. pseudopalma, at different concentrations, were mixed 
with 10 mmol/L sodium nitroprusside (400 µL) and phosphate 
buffered saline, pH 7.4 (100 µL). The mixture was incubated 
for 150 min at 25 °C. After incubation, 100 µL of each mixture 
was transferred to a new tube and was added with 0.33% 
sulfanilamide (200 µL). The resulting mixture is incubated 
for 5 min at 25 °C. Then 0.1% napthylethylenediamine (200 
µL) was added to each tubes. The tubes were incubated for 
another 30 min 25°C. An aliquot of 250 µL of the resulting 
mixture was transferred to a 96-well microplate in triplicate 
and was read at 540 nm.
2.3.4. Hydroxyl radical scavenging
   The method used for the scavenging of the highly reactive 
hydroxyl radical was determined by Valko M, et al. with 
slight modification[20]. Before starting, Fenton reagent-a 
mixture of 2.5 mL 0.1 mmol/L FeCl3, 0.625 mL 1.5% H2O2 and 
1.88 mL 0.002 9% EDTA-was prepared. Briefly, 50 µL of varied 
concentration of sample was loaded in each designated 
plates followed by the addition of 200 µL Fenton reagent. 
The absorbance of each wells were read a 500 nm as an 
optimized wavelength of the blank away from the original 
288 nm.
2.3.5. Superoxide radical scavenging
   Five microliter of each sample was loaded in designated 
wells. After, 50 µL 73 µmol/L NADH, 50 µL 156 µmol/
L nitrobluetetrazolium and 50 µL 60 µmol/L phenazine 
methosulfate was introduced to the sample loaded wells. To 
complete the reaction, the mixture was incubated for 5 min 
at 25 °C and was immediately read at 560 nm[18].
2.4. Structural evaluation of the active antioxidant 
components
2.4.1. Thin layer chromatography (TLC)
   Thin layer chromatography was performed to identify the 
components present in each fractions of F. pseudopalma. 
In a TLC plate pre-coated with silica gel (6 cm伊8 cm), each 
fractions were applied in small spots. The TLC chamber was 
developed using ethyl acetate: toluene: methanol (6:3:1) and 
was used as the solvent system.
2.4.2. Infrared spectroscopy
   Attenuated total reflectance-Fourier transform infrared 
spectroscopy was performed using Shimadzu IR-Prestige 21 
in order to analyze the functional group present on the seven 
fractions obtained from the crude ethanolic leaf extract of F. 
pseudopalma.
2.4.3. HPLC analysis
2.4.3.1. Standard preparation
   Standard quercetin (24.0 mg), rutin (40.0 mg), gallic acid 
(22.0 mg) and lupeol (2.7 mg) were accurately weighed and 
dissolved in vacuum-filtered methanol (HPLC grade) to obtain 
a stock solution. These solutions were further diluted to 6.67 
mg/mL, 2.4 mg/mL, 4.4 mg/mL and 2.7 mg/mL, respectively 
before the chromatographic analysis.
2.4.3.2. Sample preparation
   Seven fractions from the crude ethanolic leaf extract of F. 
pseudopalma, labeled as F1, F2, F3, F4, F5, F6, and F7, were 
prepared and dissolved in vacuum-filtered methanol (HPLC 
grade). Each solutions were filtered using 0.22 µm membrane 
filter before injecting to the sample port.
2.4.3.3. Apparatus and chromatographic condition
   The components present in each fractions were separated 
using reverse-phase C18 column. The mobile phase was 
comprised of 70% methanol (A), phosphate buffer, pH 7.2 (B) 
and ultrapure water (C). Linear elution of the solvent system 
was programmed at 4% B and 96% C for the first 2 min; 50% A, 
1% B and 49% C for 2 to 6 min; 80% A, 2% B and 18% C for 6 to 
26 min; 50% A, 1% B and 49% C for 26-30 min; and the last 5 
min for 4% B and 96% C. The mobile phase was delivered at 1 
mL/min with detection wavelength at 280 nm.
   Sixty microliters of each fractions and standard solutions 
were introduced to the column. The chromatographic peaks 
obtained of each fractions were compared to that of the peaks 
obtained by the standard solutions. Spiking was performed in 
order to confirm the presence of each standard used on the 
fractions of F. pseudopalma.
2.5. Statistical analysis
   Mean依SEM were used to summarize the data gathered from 
the experiment. Single-factor analysis of variance (ANOVA) 
was used to determine if there is a significant difference in 
the mean percentage inhibition on antioxidant assays (DDPH, 
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nitric oxide, hydroxide and superoxide), mean percentage 
reducing power using FRAP assay. Tukey’s HSD was used for 
post-hoc analyses.
   All the statistical tests were performed using Graphpad’s 
Prism 5.0, and SAS 9.0. P-values less than 0.05 indicate 
significant difference.
3. Results
3.1. Free radical scavenging activity of the fractions of F. 
pseudopalma 
3.1.1. DPPH radical scavenging activity
   DPPH assay of the fractions from the ethanolic leaf extract 
of F. pseudopalma showed that F1 (P=0.006), F2 (P=0.008) 
and F3 (P<0.001) has a significantly least mean percentage 
of inhibition of DPPH radical compared to the other fractions 
(Figure 1). The scavenging activity of the F4 is not dependent 
on the concentration of the fraction (P=0.324) as indicated 
by its mean percentage inhibition. Moreover, the increase in 
DPPH scavenging activity is observed in the polar fractions 
of F. pseudopalma, F5 (P=0.003), F6 (P<0.001), F7 (P<0.001) as 
shown by their mean percentage inhibition. In connection 
to this, the highest concentration of the indicated fractions 
has demonstrated the best DPPH scavenging activity (P<0.05). 
The activity of each fractions was compared to the standard 
ascorbic acid, which exhibits a good scavenging activity 
(P=0.004). 
3.1.2. Ferric reducing power
   The ferric reducing power of the fractions of F. pseudopalma 
were evaluated using FRAP assay which utilizes the reduction 
of Fe2+ ions to Fe3+ to form a Prussian blue complex. 
   As illustrated in Figure 2, the ferric reducing power 
of almost all the fractions increases with concentrations 
(P>0.05). Significant differences in the mean percentage 
reducing power were observed between the concentrations 
of each fractions. As shown, F1 (P=0.003) and F2 (P<0.001) 
has exhibited the least ferric reducing power. Whereas, F3 
(P<0.001) and F4 (P<0.001) has almost the same activity.
   Polar fractions of F. pseudopalma, F5 (P<0.001), F6 (P<0.001) 
and F7 (P<0.001), had demonstrate the highest mean percentage 
of reducing power. All fractions were compared to ascorbic 
acid (P=0.029), which exhibited a good reducing power.
3.1.3. Nitric oxide scavenging activity
   Nitric oxide scavenging ability of the fractions of F. 
pseudopalma was determined using Griess’ reaction. As 
shown in Figure 3, significant difference (P<0.05) was observed 
between the activity of each fractions. The activity of F1 
(P=0.043), F2 (P<0.001) and F3 (P<0.001) showed the highest 
scavenging ability compared to the other fractions. This is 
followed by F5 (P<0.001), F6 (P=0.216) and F7 (P<0.001). Among 
the fractions, F4 (P<0.001) has the lowest scavenging activity. 
The scavenging ability of all the fractions was compared 
to ascorbic acid (P<0.001) which elicit a concentration-
dependent inhibition of nitric oxide radical production. 
3.1.4. Hydroxyl radical scavenging activity
   Hydroxyl radicals (•OH) is among the free radicals that are 
physiologically produced by the body through its metabolic 
processes[21]. In the assay, hydroxyl radical was produced by 
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Figure 1. Proton-donating ability of the fractions obtained from the ethanolic leaf extract of F. pseudopalma. Analysis was performed in triplicates (n=3, P>0.05).
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the reaction of H2O2 with EDTA-bound Fe
2+.
   Almost all the fractions of F. pseudopalma were able to 
stimulate the production of hydroxyl radicals (Figure 4). 
Significant differences were observed on scavenging activity 
of each fractions (P<0.05). Hexane (P<0.001), hexane: ethyl 
acetate (P<0.001) and ethyl acetate (P<0.001) fractions showed 
the highest stimulation of hydroxyl radicals. Semi-polar and 
polar fractions, F4 (P<0.001), F5 (P<0.001), F6 (P<0.001) and 
F7 (P=0.496), has low stimulatory activity towards hydroxyl 
radicals as compared to the first three fractions mentioned as 
indicated by their mean percentage inhibition. In addition to 
that, difference in the concentration of F7 does not affect its 
activity towards scavenging of hydroxyl radicals.
3.1.5. Superoxide radical scavenging activity
   Another common oxygen radical in the body is superoxide 
radicals (•O-2)[21]. It is produced with the •OH and continue 
to a cascade of free radical formation in the body. In this 
experiment, •O-2 are produced from phenazine methosulfate-
NADH and direct reduction of nitrobluetetrazolium.
   As demonstrated in Figure 5, there is a significant 
difference in the superoxide radical scavenging ability 
of each fractions (P>0.05). The nonpolar fractions such as 
hexane (F5,12=3.648, P=0.031), hexane: ethyl acetate (P=0.069) 
and ethyl acetate (P=0.001) exhibited the highest stimulatory 
effect towards superoxide radicals. They were followed by 
the semi-polar and polar fractions: F4 (P<0.001), F5 (P=0.040), 
F6 (P=0.019) and F7 (P<0.001), which have lower stimulatory 
effect as compared to the first three fractions that were 
mentioned.
   On the other hand, ascorbic acid (P<0.001) was able to 
inhibit the production of superoxide radical as opposed to the 
exhibited activities of the fractions of F. pseudopalma.
3.2. Structural evaluation of the active antioxidant 
components
3.2.1. Thin layer chromatography (TLC)
   The TLC chromatogram of the fractions revealed that 
fractions 1, 2 and 3 have the most number of components and 
one of which corresponds to lupeol (Rf=0.831). Other fractions 
showed lesser number of components. In order to further 
verify the results and confirm the compounds present in the 
fractions of F. pseudopalma, infrared spectroscopy and HPLC 
analysis was performed.
3.2.2. Infrared spectroscopy
   Infrared spectra of the fractions obtained from F. 
pseudopalma revealed the presence of alkane and alcohol 
functional group (Figures 6 and 7). The sharp peak for the IR 
spectra of each fraction with values ranging from 2 800-3 000 
cm- corresponds to a C-H stretch functional group of alkane. 
Terminal alkene group (=C-H) was observed at hexane: 
ethyl acetate (50: 50) and ethyl acetate fractions. Of the seven 
spectra, methanol fraction showed a more prominent broad 
peak that corresponds to an O-H stretch (3 300-3 400 cm-) of 
phenol or alcohol functional group. Aromatic C=C was also 
shown in the spectra of all the fractions. Other functional 
groups that were assumed to be present in each fraction are 
%
 In
hi
bi
ti
on
%
 In
hi
bi
ti
on
%
 In
hi
bi
ti
on
%
 In
hi
bi
ti
on
%
 In
hi
bi
ti
on
%
 In
hi
bi
ti
on
%
 In
hi
bi
ti
on
%
 In
hi
bi
ti
on
F1
F5 F6 F7
F2 F3 F4
  0.367   0.734   1.468     2.936    5.872  11.744
  6.6     13.2     26.4      52.8      105.6    211.2  5.93     11.86   23.72      47.44   94.88     189.76    6.3       12.6      25.2      50.4     100.8   201.6   0.375     0.75      1.5         3         6         12
 0.5         1          2          4          8         16  0.93      1.86     3.72      7.44     14.88    29.76    8          16        32         64       128       256
Concentration (µg/mL)
Concentration (µg/mL) Concentration (µg/mL) Concentration (µg/mL) Concentration (µg/mL)
Concentration (µg/mL) Concentration (µg/mL) Concentration (µg/mL)
Ascorbic acid
Figure 3. Concentration-dependent inhibition of NO• by the fractions obtained from the ethanolic leaf extract of F. pseudopalma. 
Analysis was performed in triplicates (n=3, P>0.05). 
60
40
20
0
60
40
20
0
80
60
40
20
0
60
40
20
0
50
40
30
20
10
0
50
40
30
20
10
0
60
40
20
0
-20
100
80
60
40
20
0
%
 R
ed
uc
in
g 
po
w
er
%
 R
ed
uc
in
g 
po
w
er
%
 R
ed
uc
in
g 
po
w
er
%
 R
ed
uc
in
g 
po
w
er
%
 R
ed
uc
in
g 
po
w
er
%
 R
ed
uc
in
g 
po
w
er
%
 R
ed
uc
in
g 
po
w
er
%
 R
ed
uc
in
g 
po
w
er
F1
F5 F6 F7
F2 F3 F4
  2.09    4.18     8.36    16.72   33.44   66.88
  37.62    75.24  150.48  300.96  601.92 1203.84   33.82   67.64    135.28  270.56  541.12  1082.24    35.91   71.82   143.64   287.28  574.56  1149.12      0.375     0.75      1.5        3          6         12
  2.85     5.7       11.4     22.8     45.6     91.2   5.32    10.64    21.28   42.56    85.12   170.24    45.6     91.2    182.4     364.8   729.6   1459.2Concentration (µg/mL)
Concentration (µg/mL) Concentration (µg/mL) Concentration (µg/mL) Concentration (µg/mL)
Ascorbic acid
Concentration (µg/mL) Concentration (µg/mL) Concentration (µg/mL)
Figure 2. Ferric reducing activity of the fractions obtained from the ethanolic leaf extract of F. pseudopalma. Analysis was performed in triplicates (n=3, P>0.05). 
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Figure 4. Concentration-dependent stimulation of •OH by the fractions obtained from the ethanolic leaf extract of F. pseudopalma. Analysis was performed in 
triplicates (n=3, P>0.05). 
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Figure 5. Concentration-dependent stimulation of •O-2 by the fractions obtained from the ethanolic leaf extract of F. pseudopalma. Analysis was performed in 
triplicates (n=3, P>0.05). 
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Figure 6. Infrared spectra of the 7 fractions from the crude ethanolic leaf extract of F. pseudopalma. 
A: Hexane fraction; B: Hexane: ethyl acetate fraction; C: Ethyl acetate fraction; D: Ethyl acetate: acetone fraction; E: Acetone fraction; F: Acetone: methanol 
fraction; G: Methanol fraction .
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Table 1
Summary of the infrared spectra of each fractions of F. pseudopalma.
Chemicals Infrared spectra
Hexane Hexane: ethyl acetate Ethyl acetate Ethyl acetate:acetone Acetone Acetone: methanol Methanol
Alkane C-H 2853.81 2853.81 2854.77 2852.84 2854.77 2853.81 2930.00
2924.21 2924.21 2926.14 2925.17 2925.17 2924.21
2955.07 2954.11
Alkene =C-H - 3099.74 3038.02 - - - -
C=C 1647.28 1651.14 1651.14 1641.49 1653.07 1651.14 1640.53
1668.50 1666.57 1668.50 1649.21 1665.60
Alcohol C-O 1046.43 1047.39 1043.53 1641.49 1032.93 1050.29 1030.03
O-H 3365.93 3371.71 3359.18 3382.32 3334.10 3302.27 3295.52
3369.79 3385.22 3344.71 3312.88
3383.29 3393.90 3564.60
3499.02 3544.35 3354.35 3585.82
3544.35 3565.57
3564.60
Ether C-O 1168.91 1068.61 - 1073.43 1146.73 1050.29 -
1144.80
Aldehyde Aromatic/Conjugated C=O Saturated C=O - 1708.04 - - - - -
1732.15 1733.12 - - - 1734.08 -
C-H 2727.46 2728.43
Ketone Aromatic/Conjugated C=O Cyclic C=O Saturated C=O - - - - - 1683.93 -
- - - - - 1716.72 -
1714.79 - - - - - -
Arene C-H   821.71   819.78  819.78 3009.08  817.85 817.85  771.56
  836.18  817.85
Aromatic Ring 1454.39  1454.39 1453.43 1458.25 1456.32 1455.35 1507.43
1540.23  1508.40 1514.19 1507.43 1653.07 1622.20 1520.94
1605.81  1541.19 1519.01 1521.90 1702.25 1636.67 1543.12
1647.28  1604.84 1544.08 1539.26 1651.14 1558.55
1668.50  1651.14 1555.66 1556.62 1665.60 1622.20
1714.79  1666.57 1610.63 1641.49 1683.93 1637.64
1732.15  1708.04 1624.13 1649.21 1700.32 1640.53
17333.12 1651.14 1684.89 1716.72
1668.50 1694.54 1734.08
1699.36
11.0
10.0
9.0
8.0
7.0
6.0
16
15
14
13
12
11
10
9
8
7
16
15
14
13
12
11
10
9
8
7
6
100
80
60
40
20
0
800
700
600
500
400
300
200
100
0
30
23
20
13
10
8.5
8.0
7.5
7.0
6.5
6.0
5.5
R
es
po
ns
e 
(m
V
)
R
es
po
ns
e 
(m
V
)
R
es
po
ns
e 
(m
V
)
R
es
po
ns
e 
(m
V
)
R
es
po
ns
e 
(m
V
)
R
es
po
ns
e 
(m
V
)
R
es
po
ns
e 
(m
V
)
1
2
A
B C
D E
F
G
3
4
5
1
1
1
2
2
3
3 Lupeol; RT=9.09 min
4
5
6
7 8 9
10
2
3
5
1
1
1
2
3
4 5
6 7
Quercetin; 
RT=17.46 min
2 3
4
5
6
7
8
9
10
4
     2     4     6     8   10   12  14   16  18  20   22   24   26  28  30  32  34
     2     4     6     8   10   12  14   16  18  20   22   24   26  28  30  32  34
     2     4     6     8   10   12  14   16  18  20   22   24   26  28  30  32  34      2     4     6     8   10   12  14   16  18  20   22   24   26  28  30  32  34
     2     4     6     8   10   12  14   16  18  20   22   24   26  28  30  32  34
     2     4     6     8   10   12  14   16  18  20   22   24   26  28  30  32  34      2     4     6     8   10   12  14   16  18  20   22   24   26  28  30  32  34
Time (min)
Time (min)
Time (min) Time (min)
Time (min)
Time (min) Time (min)
Retention time (min)
Retention time (min)
Retention time (min)
Retention time (min) Retention time (min)
Retention time (min)
Retention time (min)
1-9.923 min
  2-10.322 min
  3-17.708 min
  4-21.964 min
  5-30.657 min
1-9.858 min
  2-11.658 min
  3-12.687 min
  4-13.914 min
  5-14.211 min
1-3.237 min
2-6.622 min
3-6.695 min
  4-10.165 min
  5-10.734 min
  6-11.886 min
  7-17.039 min
1-1.989 min
2-3.232 min
3-9.004 min
1-9.452 min
1-1.573 min
2-8.128 min
  3-10.699 min
  4-12.046 min
  5-12.285 min
1-1.571 min
2-9.004 min
3-9.982 min
  4-10.379 min
  5-10.740 min
 6-14.186 min
 7-15.576 min
 8-16.407 min
 9-19.462 min
10-27.756 min
6-11.344 min
7-22.722 min
8-23.354 min
9-29.056 min
10-33.318 min
Figure 7. HPLC chromatogram of the crude ethanolic leaf extract of F. pseudopalma.
A: hexane fraction; B: hexane:ethyl acetate fraction; C: ethyl acetate fraction; D: ethyl acetate: acetone fraction; E: acetone fraction; F: acetone:methanol fraction; 
G: methanol fraction . The numbers correspond to the major peaks observed with their corresponding retention time.
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summarized in Table 1.
   Spectral analysis of the fractions help in the determination 
of the active compounds present in each fraction that 
contribute to their antioxidant activity.
3.2.3. HPLC analysis 
   High pressure liquid chromatography was performed in 
order to further confirm the active antioxidative components 
of each fractions from the crude ethanolic leaf extract of F. 
pseudopalma.
   Chromatograms of all the fractions were compared to 
different standards which includes quercetin, rutin, gallic 
acid and lupeol. However, only lupeol was observed on the 
chromatogram of F6. This finding was further confirmed 
through spiking wherein the standard lupeol was mixed 
with the F6 solution and was injected to the HPLC unit. 
The chromatogram of the spiked F6 (Figure 8) showed that 
one of the peaks had increased in height and area, which 
correspond mainly to the presence of lupeol. Quantitative 
analysis revealed that 5.84 mg/L lupeol was contained in F6 
using a standard curve.
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Figure 8. HPLC chromatogram of F6.
(A) is compared to the chromatogram of F6 spiked with lupeol (B).
4. Discussion 
   The DPPH and FRAP assay are general tests used to evaluate 
the antioxidant capacity of substance. The DPPH radical is 
commonly used for fast evaluation of the antioxidant property 
of a given compound[22]. The dark purple solution of DPPH is 
turned to yellow when the DPPH radical subsequently receive 
an electron or a hydrogen radical from an antioxidant[23]. This 
change in color can be measured spectrophotometrically at 
517 nm. Moreover, the antioxidant activity can be also linked 
to the reducing power of a bioactive compound[24]. In this 
assay, the ability of each fractions from the ethanolic leaf 
extract of F. pseudopalma to directly reduce of Fe3+ to Fe2+ was 
monitored by measuring the increase in absorbance through 
the formation of Pearl’s Prussian blue complex at 750 nm[18].
   As indicated in the results, most of the polar fractions of 
F. pseudopalma were scavengers of DPPH radicals and has a 
better reducing power compared to that of the nonpolar and 
semi-polar fractions. The electron donating property of each 
of the fractions can potentially neutralize the action of free 
radicals. In relation to this, the reducing power exhibited 
by each of the fractions can serve as an indicator of their 
antioxidant potential.
Specific antioxidant tests were also performed in order to 
evaluate the influence of the fractions from F. pseudopalma 
on the activity of free radicals that are physiologically 
produced by the body. Nitric oxide free radical (NO•) is 
a biologically active specie that can readily react with 
other free radicals inside the body which in turn mediate 
specific biological effects depending on the local chemical 
environment[25]. NO• is usually linked in inflammation[21]
and carcinogenesis[26]. Overproduction of NO• by nitric oxide 
synthase is commonly observed in patients with rheumatoid 
arthritis and osteoarthritis[21].
   Hydroxyl radicals and superoxide radicals are among the 
free radicals that are physiologically produced by the body 
through its metabolic processes[27]. The immune system 
utilize these reactive species in order to fight the invading 
pathogens so as to maintain the homeostasis inside the body.
   Generally, free radicals do not only cause harmful effects 
in the body. In fact, free radicals have been also linked to the 
killing of cancer cells. Cancer cells are normally anaerobic 
cells which survive in a less oxygenated environment. 
Exposure of cancer cells to oxidative stress would lead to 
growth inhibition or even death.
   The antioxidant activity of several plant extracts are usually 
related to the phytochemicals that were isolated from them. 
Some of the known antioxidant agents are the phenolic acids, 
flavonoids and terpenoids. In order to determine the active 
antioxidative component of F. pseudopalma, the fractions 
of the ethanolic leaf extract were subjected to TLC, high 
pressure liquid chromatography and infrared spectroscopy to 
verify the structure of the compound present.
   The TLC chromatogram showed that lupeol was present in 
F1, F2, F3 and F4. However, HPLC analysis revealed that 5.84 
mg/L lupeol was present in the acetone: methanol (50: 50) 
(retention time=9.00 min). Lupeol is a pentacyclic triterpenes 
that exhibit antioxidative activity through direct scavenging 
of free radicals and protects membrane permeability[14]. This 
property can be related to its hepatoprotective and anticancer 
properties. In one particular study, lupeol compound isolated 
from Verpis punctata exhibited cytotoxicity (IC50=26.4µg/mL) 
on A2780 human overian cancer cell line[28].
   Additionally, lupeol was also reported to have 
cardioprotective activity due to its ability to ameliorate 
lipidemic-oxidative abnormalities in the early stage of 
hypocholesterolemic atherosclerosis in rats[29]. Other findings 
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showed that lupeol provided 34.4% protection against in 
vitro low density lipoprotein oxidation and hypotensive 
activity that makes it a preventive agent against cardiac 
disorder[30,31].
   Another reported biological activity of lupeol is 
hepatoprotections. In one related study, lupeol showed 
some effectiveness in lessening the action of aflatoxin B1, 
which is a fungal derived toxin[32] that is considered to be 
the most potent of the mycotoxins[33] which can cause acute 
hepatotoxicity and liver carcinoma in exposed animal. In 
relation to that, it was observed that lupeol can substantially 
normalized degenerative alterations in the hepatocytes 
with granular cytoplasm[34]. Additionally, lupeol treatment 
induced growth inhibition and apoptosis in hepatocellular 
carcinoma SMMC7721 cells by down-regulation of the death 
receptor 3 expression[35].
   Detection of this compound in F. pseudopalma supports the 
antioxidant activity exhibited by the plant. In addition to that, 
lupeol may also be the one that contribute to the anticancer 
property of the plant. A study showed that the ethanolic 
extract of F. pseudopalma demonstrated a cytotoxic effect 
against HepG2 cells that was comparable to the activity of 
curcumin[10].
   Based on the aforementioned information, lupeol is indeed 
one of the most valuable phytochemical constituents of the 
plant, where several benefits can be derived that include 
cardioprotection, hepatoprotection and can help in the 
prevention of cancer progression. 
   Being one of the local medicinal plant in Philippines which 
has only meager studies, it is noteworthy to know other uses 
of F. pseudopalma Blanco (Moraceae). Identification of lupeol 
in F. pseudopalma supports the exhibited antioxidant activity 
of the plant which can be used to avoid the prevalence of 
several diseases related to oxidative stress.
   Since little is known about the specific chemical 
constituents of the plant, further analysis such as liquid 
chromatography coupled with mass spectroscopy (LC-MS) can 
be performed in order to elucidate and further confirm the 
existence of other phytochemicals that may contribute to its 
pharmaceutical function. 
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Comments 
Background
   The damaging effects of imbalances in the oxidative state 
of the cell could trigger development and exacerbation 
of cardiovascular diseases, hepatocellular maladies and 
cancer. The biochemical and instrumental identification of 
lupeol, a biologically active triterpene, in the Philippine-
endemic F. pseudopalma Blanco (Moraceae) has provided 
insights into the potential use of phytochemicals as 
antioxidants. 
  
Research frontiers
   The current research work presents biochemical 
characterization of antioxidant properties and structural 
evaluation of phytochemicals, lupeol in particular, present 
in leaf extracts of F. pseudopalma Blanco (Moraceae).
Related reports
   The present work complements the NMR instrumentation 
done by Ragasa CY et al. in 2009 on the leaf extracts of F. 
pseudopalma Blanco (Moraceae). Furthermore, the paper 
supports previous reports on the potential biological and 
pharmacological property of lupeol and the plant as a 
whole.
Innovations and breakthroughs
   F. pseudopalma Blanco (Moraceae) commonly known 
as the Philippine fig or niog-niogan in some parts of the 
country, is being used as an ornamental or medicinal plant. 
In the present study, the authors showed the antioxidant 
properties of different organic solvent fractions of the leaf of 
the plant eventually identifying lupeol as one of the active 
compents.
  
Applications
   The demonstrated free-radical scavenging activity of the 
different leaf extracts of F. pseudopalma Blanco (Moraceae) 
as well as the identification of lupeol as an active 
component, support the prospective application as an anti-
cancer and cardio/hepatoprotective agent.
Peer review
   This is an interesting research work in which authors 
have demonstrated the free-radical scavenging activity 
of the leaf extracts of F. pseudopalma Blanco (Moraceae) 
using biochemical tests. Lupeol was identified as one of 
the possible active components based on chromatographic 
analysis and infrared spectroscopy. These significant results 
have shown the importance of phytochemical screening of 
endemic flora that potentially harbors pharmacologically 
promising drug candidates.
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